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Al!STRACT 
Precambrian rocks exposed in the northern Pathfinder Reservoir 
area, Natrona County, Wyoming, are partially exhumed crystalline rocks 
of the northwestern portion of the Granite Mountains. These rocks com-
prise three major types: (1) the oldest metamorphic rocks, which may 
represent a metamorphosed sedimentary-volcanic terrane, exposed on 
Black Rock Mountain and in other small areas south and west of Black 
Rock Mountain; (2) granites, which intrude the metamorphic sequence, 
and are exposed on the Sweetwater Rocks and areas marginal to Pathfinder 
Reservoir; and (3} diabase dikes with northeastern trends that intrude 
both the metamorphic rocks and granites. Exposures of the Precambrian 
rocks rise above flat-lying Tertiary rocks and sediments that fill 
intervening basinal areas. 
Aeromagnetic data shows a nearly uniform magnetic field that 
is interrupted by a few isolated, but strong, anomalies, which are 
caused by magnetic contrasts within the basement complex. Studies of 
the magnetic characteristics of the exposed Precambrian rocks indicate 
that the magnetic susceptibilities of the amphibolites, pelitic schist, 
and diabase dikes are nearly twice that of the gneisses and granites. 
Partitioning of Fe and Ti oxides within the amphibolite-pelitic schist 
sequence, or depletion of magnetic minerals in the gneisses and gran-
ites may be responsible for some of the observed magnetic contrasts. 
Comparison of the magnetic susceptibility and remanent magneti-
zation measurements suggest that the main contribution to total 
X 
magnetization is magnetic susceptibility. Although remanent magnetiza-
tion does exist within the samples measured, modified Kliinigsberger 
ratios (Q') indicate that it contributes a negligible com:ponent to total 
magnetization, 
Strong magnetic anomalies northwest and south of Black Rock 
Mountain and interpreted to be caused by isolated bodies of "iron-
formation," since the constraints provided by the modeling analysis 
of these bodies, and rock associations conform well with that of 
"iron-formationsn found in other portions of the Granite Mountains 
and Precambrian terrane of the northern Rocky Mountains. A concealed 
rock mass, probably of mafic composition, is inferred to underlie one 
magnetic anomaly, Remaining portions of the study area, characterized 
by a nearly uniform magnetic field, are inferred to be underlain by 
the essentially non-magnetic gneisses snd granites. 
A fault is inferred on the observed irregularities in the mag-
netic contours associated with the amphibolite-pelitic schist sequence 
exposed on Black Rock Mountain. 
Reliability of depth estimates varied with the nature of the 
anomalies used in the analysis, Broad anomalies produced more accu-
rate estimates in comparison to narrow anomalies. Since the modeling 
technique used for depth estimates depended upon an accurate estimate 
of the half-maximum half-width parameter of the anomaly, narrow anom-
alies not only produced shallower than actual estimates, but were sus-
ceptible to greater error due to data spacing, 
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INTRODUCTION 
General Statement 
In recent years aeromagnetic surveys have become one of the most 
popular tools for reconnaissance "basement" mapping. The results of the 
interpretation of aeromagnetic surveys are the probable distribution of 
magnetic material below the surface, influence of the possible geological 
structure, and most important, the determination of depth to the basement 
rock and thickness of the sedimentary section present (Nettleton, 1976 
and Dobrin, 1976). In addition, it is often possible to delineate local 
and regional relief on the basement complex, which has various applica-
tion to geological investigations (Redford and Sumner, 1964). 
The basis of the magnetic method is the measurement of the varia-
tions, or anomalies, in the earth's magnetic field. The causation of 
these variations can be attributed to the factors outlined by Redford 
and Sumner (1964) and Vaquier et al. (1951): 
1. variations in the distribution of polarized rocks, 
2. variations in the composition of the basement rocks, and 
3. topographic or structural relief on the basement surface. 
Purpose of Investigation 
This study grew out of an interest in the results of an aero-
magnetic survey of the Granite Mountains area in central Wyoming. This 
survey was part of a more comprehensive regional geophysical survey of 
the Wind River Basin and adjacent areas conducted by the Texas 
1 
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Instruments Corporation of Dallas, Texas for the United States Depart-
ment of Energy. It had been noted that some of the aeromagnetic anom-
alies originated from the Precambrian basement complex exposed in the 
Grani.te Mountains area (Texas Instruments, Inc., 1974). In general, 
little is known about the distribution of the Precambrian lithologic 
units in the Granite Mountains. General regional distribution of the 
Precambrian rocks has been derived from reconnaissance mapping, and a 
few areas have been mapped in greater detail, Although the sedimentary 
rocks in and adjacent to the Granite Mountains have been studied care-
fully by many workers in connection with regional stratigraphic prob-
lems, the Precambrian rocks exposed in this area have not been mapped 
on a detailed basis due to the lack of economic interest. 
The purpose of this study was to map in greater detail some of 
the Precambrian rocks exposed in a portion of the Granite Mountains and 
correlate the magnetic data available with the specific rock types, as 
well as describe the general lithologic and magnetic characteristics 
of the Precambrian units recognized. An additional part of the study 
is an attempt to assess the reliability of depth estimates derived from 
aeromagnetic data and identify anomalies that are related to the struc-
tural relief on the basement surface. 
Location and Accessibility of the 
lies between 42•30• to 42•40• 
The area selected for this study 
h rs an area of 
StudY Area 
latitude and 106 •57 '30"to 
101•1s'1ongitude wbic cove 
The Precambrian rocks 
l20 square miles (l'tgure l) • 
approximately f the total area of 
i about 15 percent o 
exposed in the area compr se 
3 
Fig. 1. Location of study area. Regional distribution of Pre-
cambrian rocks and structure in the Granite Mountains are shown. Loca-
tion of specific areas, referred to in text, are marked hy hold face 
numbers, which include: (1) Black Rock Mountain, (2) Sweetwater Rocks, 
(3) Black Rock Draw, and (4) Barlow Gap area. Outline of areas mapped 
in detail by other workers, and faults mapped by Texas Instruments, Inc. 
(1974) are included. Map ts 1D.Odified after Houston (1973). 
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5 
the study. The remaining portion is covered by Tertiary rocks and sedi-
ments. The northwestern extension of the Pathfinder Reservoir is the 
most prominent graphical feature in the area and borders the southeast-
ern edge of the study. Wyoming State Route 220 traverses the southern 
half of the study area. 
Method of Study 
Field work was carried out during the summer of 1978. This 
included the mapping,field description, and sampling of the Precam-
brian rocks exposed in the study area. Seventy hand specimens were 
obtained of which thirty-five were thin-sectioned and used for petro-
graphic study. Twenty-six oriented cores of the Precambrian rocks 
were obtained by the use of a powered coring drill (Plstes 1 and 2). 
These cores were measured directly in the field for their magnetic 
susceptibility with a portable Bison magnetic susceptibility meter. 
The twenty-six cores were then measured for their remanent magnetic 
intensity and orientation. 
Contoured magnetic data, made available for this study by the 
Phillips Uranium Corporation, was correlated with the exposed Precam-
brian rocks and interpreted. Modeling of the magnetic anomalies was 
accomplished by the use of automatic computational techniques and used 
to define the geometry, magnetic intensity, and depth of burial for 
the anomalous bodies. 
Previous Work 
The Precambrian rocks exposed in the study area have been 
mapped on a reconnaissance basis by Houston (1973) and Peterman 
6 
Plate l. Sampling Precambrian crystalline racks. Portable 
Bison magnetic susceptibility meter used far measurements in fore-
ground. 
Plate 2. Device used ta orient ~ore sample. 
inclination of core sample is measured and marked in 
used for remanent magnetization study. 
Declination and 
the field and later 
• 
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and Hildreth (1977). Results of their mapping have provided a basis 
for the recognition of the major Precambrian rock units exposed in 
this study area. Bickford (1977), Pekarek (1974), and Carey (1959) 
have mapped some of the metamorphic rocks in the northern portion of 
the Granite Mountains. Results of these studies have provided useful 
information on the nature of the metamorphic rocks in the Granite Moun-
tains area and have augmented the understanding of the Precambrian base-
ment complex in the study area. Peterman and Hildreth (1977), Stuck-
less and Nkomo (1978),and Bayley and Muehlberger (1968) provide the 
background information on the lithology and ages of the Precambrian 
igneous rocks exposed in the Granite Mountains. Results of their work 
are included in the description of the Precambrian rocks exposed in 
the study area, 
Love (1970) has described the distribution and lithology of 
the Tertiary rocks exposed in the Granite Mountains area, and provides 
a comprehensive outline of the Cenozoic history of the region. This 
information has been used in the description of the Tertiary rocks 
exposed in the study area and aided in the interpretation of the 
seromagnetic data. 
The Energy Research and Development Administration (ERDA) spon-
sored a comprehensive airborne geophysical survey of the Granite Moun-
tains as part of sn assessment of the Wind River Basin area. Informa-
tion gathered from this survey has been used to supplement that data 
used in this study and aid in the interpretation of the magnetic 
anomalies. 
GENERAL GEOLOGY 
Regional Setting and Stratigraphy 
The Granite Mountains are a topographic expression of the anti-
clinal uplift, sometimes known as the Sweetwater Arch, which first 
appeared in the late Cretaceous and continued its growth into the 
early Eocene (Love, 1970). The North and South Granite Mountain fault 
systems border the uplift and trend essentially east-west for nearly 
60 miles (Figure 1). Love (1970) interpreted a four stage tectonic 
development for the arch: 
1. Rigorous growth of the uplift from the late Cretaceous 
through the Eocene through arching and uplift of the 
main block of the Granite Mountains along the North 
Granite fault system. 
2. A period of relative stability following the initial 
growth of the uplift that persisted for approximately 
20 million years. This period is marked by the forma-
tion of the Split Rock syncline and erosion of the 
positive areas within the main Granite Mountain block, 
3, Reactivation of the North Granite Mountain fault system 
and subsequent formation of the South Granite Mountain 
fault system during the late Pliocene to early Pleisto-
cene which resulted in a general down-dropping of the 
core of the Granite Mountains block with increased 
basin filling by Tertiary sediments. 
9 
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4. Epirogenic uplift on a regional scale with the establish-
ment of antecedent drainage through the down-dropped 
Granite Mountains block which resulted in the partial 
exhumation of the highest positive areas on the Granite 
Mountain block. 
The present Precambrian surface in the Granite Mountains is irre-
gular and covered by a thin veneer of sedimentary rocks in most parts, 
with the exposed Precambrian metamorphic and igneous rocks occurring 
in areas representing the highest topographic expression of the Pre-
cambrian surface. Successive stages in the stratigraphic and structural 
evolution of the Granite Mountains and intervening basins are well 
illustrated by a series of cross sections presented by Love (1970) 
and shown here as Figure 2. 
The Tertiary rocks exposed in the Granite Mountains area are 
closely associated with the structural and physiographic history of 
the region. Love (1970) has described the lithology and aerial extent 
of these rocks in the region, with the Split Rock Formation being the 
most wide spread Tertiary unit exposed in the area. The Split Rock 
Formation is of particular interest to this study since it is the 
only known Tertiary unit known to exist within the study area and 
directly overlies the Precambrian basement complex. A detailed 
description of the Split Rock Formation follows that of the Precam-
brian rocks in a later section. 
Topography and Drainage 
The Precambrian rocks in the study area comprise the ridges 
and knobs that rise over 600 feet above the flat-flying Tertiary 
11 
Fig. 2. Sections diagramming the inferred structural 
development and stratigraphy along line N' - S'. Stages of the 
development include those from the pre-Tertiary to the earliest 
Pleistocene. The Split Rock Formation (Tsr) i$ shown to over-
lie the Precambrian rocks in the study area. Paleozoic, Mesozoic, 
and other Tertiary rocks are grouped. Vertical scale is exaggera-
ted 3.5 x. Modified after Love (1970). 
EXPLANATION 
STRATIGRAPHY 
Tertiary rocks 
~ Mesozoic rocks 
• Paleozoic rocks 
Precambrian rocks 
STAGES 
A - Pre-Tertiary 
B - Late Paleocene 
c- Early to Middle 
Eocene 
D- Middle-Late Miocene 
E-Early-Middle Pliocene 
F -Late Pliocene to Early 
Pleistocene 
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rocks and sediments (Plate 3). Generally the more granitic outcrops 
have more topographic relief than the metamorphic rocks. Tertiary 
rocks and sediments form the large flat plains between the Precam-
brian outcrops and exhibit little variation in topographic relief, 
Perennial and intermittent streams and springs are common in 
the ares. The main drainage for the immediate area is the Sweetwater 
River and Horse Creek, both of which flow into Pathfinder Reservoir. 
Numerous alkali lakes and flats are present. 
' I 
I 
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GEOLOGY OF THE PRECAMBRIAN ROCKS 
The Precambrian rocks exposed in the study area include three 
major types: (1) a metamorphic complex, (2) granitic rocks, and (3) 
diabase dikes (Figure 3). The oldest of these types is the metamor-
phic complex, which consists of a sequence of interlayered biotite 
gneiss, quartzofeldspathic gneisses, hornblende gneiss, schists, 
quartzite, and amphibolites. In general, petrographic evidence indi-
cates that the metamorphic sequence is of high metamorphic grade and 
represents the almandine-amphibolite facies of Turner (1968). Simi-
lar high grade metamorphic rocks in the Granite Mountains area have 
been recognized and described by other workers (Carey, 1959, Bickford, 
1977, and Peterman and Hildreth, 1977). 
Relative ages within the metamorphic sequence in the study area 
are unknown, since no features indicating tops or bottoms of units were 
found. The general aspect of interlayered gneisses, schists, quartzites, 
and amphibolites are referred to as a metasedimentary-metavolcanic ter-
rane by other workers in the Granite Mountains area (Peterman and 
Hildreth, 1977, Stuckless and Nkomo, 1978, and Houston, 1973). Some 
of the amphibolite bodies, probably injected as mafic dikes and sills, 
are found to cut across foliation trends in some of the gneisses and 
schists, even though their internal foliation is parallel to the local 
foliation of the surrounding rocks. The main body of amphibolite is 
considered part of a metamorphosed sedimentary-volcanic sequence since 
it is interlayered with quartzites and pelitic schists. Many workers 
15 
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Fig. 3. Geologic map of study area. 
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consider the quartzofeldspathic gneisses as the protoliths upon which 
the metamorphosed sedimentary-volcanic sequence was deposited (Peter-
man and Hildreth, 1977, and Bickford, 1977). 
The second major rock type consists of two granites that exhibit 
different mineralogical and lithological characteristics. The oldest 
of these granites has been previously mapped and named by Peterman and 
Hildreth (1977) as Long Creek Mountain granite, which is generally 
recognized by its coarse foliation, medium-grained texture and pink 
to red color, Foliation within the granite suggests that it has been 
subjected to a period of metamorphism and tectonism. Close associa-
tion of the Long Creek Mountain granite with surrounding metamorphic 
rocks is common, since large inclusions, and rotated blocks, of amphi-
bolite, gneiss, and schist are often found within the main body of 
this rock unit, Numerous dikes of quartz-microcline-muscovite peg-
matite and white, garnetiferoua aplite are also present. 
The most widespread of the granitic rock units is the Lankin 
Dome granite (Stuckless and Nkomo, 1978). It is extensively exposed 
along the Sweetwater Rocks and those outcrops marginal to Pathfinder 
Reservoir (Figure 3). Lankin Dome granite is medium to coarse-grained, 
pink to gray in color and massive. Locally, this granite contains pods 
and dikes of quartz-rich pegmatite and small inclusions of biotite 
schist. Numerous fracture zones exist within the granite and are 
usually marked by quartz and epidote-rich ribs that are most resist-
ant to weathering. Since the Lankin Dome granite intrudes both the 
metamorphic and older granitic rocks, some of the larger granitic 
and pegmatitic dikes are probably related to the main body of this 
granite. 
19 
The third rock type is composed of numerous diabase dikes that 
cut both through the metamorphic and granitic rocks. The strike of the 
dikes trend essentially northeast through the study area. Widths of 
the dikes range from a few feet to over 100 feet. A contact metam.or-
phic zone along the contact margins of these dikes with the country 
rock is readily recognized by its light brown color. The largest dikes 
normally range from a fine-grained diabase at the margin contacts to a 
coarse-grained diabase at the center of the dike. A large swarm of 
diabase dikes is hosted by the metamorphic and granitic rocks exposed 
in the north half of T30N, R87W (Figure 3). 
Ages of the Precambrian Rocks 
King (1976) recognizes the Precambrian complex exposed in the 
Bighorn, Wind River, Owl Creek, Granite Mountains, Medicine Bow and 
northern Laramie Ranges of Wyoming as belonging to the crystalline 
rocks of the Precambrian Wage. These rocks are younger than the Pre-
cambrian rocks exposed in southwestern Montana, but older than those 
exposed in the Black Hills of South Dakota, the southeastern portion 
of the Laramie Range in Wyoming, and the Front Range of Colorado and 
New Mexico. The gneisses, which constitute the bulk of the Preca!llbrian 
metamorphic rocks in Wyoming, are generally considered paragneisses, 
which are interpreted to be part of an extension of the Superior pro-
vince of the Canadian Shield (Goldrich et al., 1966, and King, 1976), 
Radiometric age determinations have been obtained by various 
workers on the Precambrian gneisses of the Granite Mountains. Peterman 
and Hildreth (1977) have used Rb/Sr dating techniques for rocks similar 
to the quartzofeldspathic. and biotite gneisses mapped in the study area, 
7 
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Their age determinations set the time of metamorphism at 2,925±81 m.y. 
This corresponds well with those U/Pb age determinations by Nkomo and 
Rosholt (1972) of 2,9S0±120 m.y. for similar gneisses in the Granite 
Mountains. Peterman and Hildreth (1977) estimate that the protoliths 
for the metamorphic sequence are at least several hundred million years 
older than the time of metamorphism, Agee for the granite exposed in 
the Granite Mountains are less than those for the metamorphic sequence, 
Stuckless and Nkomo (1978) estimated the age of the foliated granites 
of Long Creek Mountain to be on the order of 2,640±20 m.y., while the 
massive granites of Lankin Dome gives dates of 2,595±40 m.y. Bayley 
and Muehlberger (1968) consider the diabase dikes in the Granite Moun-
tains to be part of a larger swarm of dikes that extend into the Bighorn, 
Owl Creek, and Wind River Ranges of Wyoming, They have determined that 
the ages for these dikes is approximately 2,600 m.y. 
Structural Trends 
Trends of foliations in the metamorphic rocks vary from one 
outcrop to the next (Figures 3 and 4). On the basis of these folia-
tion trends, the outcrops composed primarily of Precambrian metamor-
phic rocks have been divided into small subprovinces to aid in the 
interpretation of the aeromagnetic data (Figure 5). Case and Gair 
(1965) have successfully used structural indicators to interpret 
magnetic anomalies in northern Michigan, and map the Precambri.ein 
basement in that area. Steroplots of the foliation data for this 
study indicate that the metamorphic rocks do exhibit discordance 
in preferred orientation for the foliation planes (Figure 4). Dis-
cordance such as this suggest a local warping, or displacement, 
snmr ii 
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Fig. 4. Stereoplots of poles to foliation planes for blocks 
A, B, and c. The stereoplots with foliation data plotted sod contoured 
by method described by Turner sod Weiss (1963). Poles to foliation 
planes in block A show a trend between N 20-25° W, while those of 
blocks Band C trend between Nl5-40°E. 
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Fig. 5. Structural suhprovinces within the metamorphic terrane 
of the study area, Blocks A, B, and C correspond to blocks A, Band C 
of Figure 4. 
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of the Precambrian baselllent rocks which 11111y be reflected by the mag-
netic data, The greatest disparity in foliation trends exists between 
the outcrops east and west of Dry Creek Road {l;'igure 3). Poles to foli-
ation planes in block A have a preferred orientation of approximately 
N 20-25° W, while the preferred orientation of foliations in blocks 
B & Care in a northeast direction. 
At least two generations of folds are recognized in the study 
area. A set of smaller folds, with axes trending north-south through 
northeast,have been locally warped about a set of large folds whose 
axes trend, essentially east-west, The absence of sufficient fold axis 
directions prevented the means for a qualitative solution for these 
relationships, but these features can be observed on the outcrops imme-
diately east and west of Dry Creek Road (T30-31N, R86-87W, Figure 3), 
No evidence for faults of Precambrian age is present. However, 
displacement of the diabase dikes, and abrupt contacts between metamor-
phic rocks of different lithologies msrk the presence of post-
Precambrian faulting (Figure 3). The l!l<aCt age of these faults is 
unknown, except that they are pre-Miocene since they do not cut through 
the Split Rock Formation. King (1976} suggests that most of the major 
deformation of the Precambrian basement complex occurred before the 
Laramide and other Phanerozoic deformations. Blackstone (1963) sug-
gests that most of the pre-Eocene displacement was caused by horizontal 
forces, and that vertical tectoniS111 did not begin until the Eocene age, 
• 
LITHOLOGIC AND MAGNETIC CHARACTERISTICS OF 
THE PRECAMBRIAN ROCKS 
The general lithologic and magnetic characteristics of the Pre-
cambrian rocks mapped in the study ares are described in the following 
section. In order to avoid the effects of weathering and magnetization 
due to lightning strikes, only fresh samples obtained from the bases of 
intact outcrops were used. These samples served to describe the lithe-
logic and magnetic characteristics of the mapped units. Textural ter-
minology for the metamorphic rocks follows that of Spry (1969). 
Gneisses 
The quartzofeldspsthic gneisses exposed in the study area are 
composed of mineral assemblages such as quartz-plagioclase-biotite and 
quartz-plagioclase-microcline-biotite-muscovite (Figure 3). The com-
position of these geneisses range from granodioritic to granitic, but 
does not imply isochemical metamorphism. Most of the gneisses exhibit 
a xenoblastic texture, with large porphyroblasts of plagioclase and 
microcline. Foliation is well defined by the banding of alternating 
layers of biotite, muscovite, and leurocratic minerals. These gneisses 
are usually interlayered with subordinate amounts of augen gneiss, mica 
schists, and amphibolites. Accessory minerals include garnet, epidote, 
sphene, zircon, and opaque minerals. 
A separate unit of grantic gneiss has been recognized. This 
gneiss could be included in the quartzofeldspathic gneiss group, 
26 
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eccept that it exhibits a more equigrandular texture and homogeneous 
composition, The bulk of this bneiss outcrops near Block Rock Draw 
(T30-3lN/R86W), Usually the gneiss is medium to fine-grained and 
lacks the large porphyroblasts of plagioclase and microcline. Folia-
tion is defined by the orientation of biotite plates and rough band-
ing of quartz and feldspars. Composition of the gneiss is character-
istically more granitic than the bulk of the quartzofeldspathic 
gneisses, and contains lesser alQOunts of interlayered amphibolites, 
schists, and augen gneiss. Accessory minerals include epidote, apa-
tite, sphene, and zircon. Opaque minerals, identified as magnetite, 
occur along bands rich in biotite. This magnetite is slightly martized 
(replaced by hematite) and is irregularly dispersed throughout the 
gneiss, Measured magnetic susceptibility of one sample of this gneiss 
was abnormally high due to the presence of magnetite. 
Hornblende gneiss has been recognized. It is composed almost 
entirely of hornblende and plagioclase approximately in equal amounts. 
Hornblende occurs as large euhedral crystals (up to 10 mm in length) 
which impart lineation to the gneiss. Usually the hornblende gneiss 
is interlayered with biotite gneiss. Wide zones of epidote mineraliza-
tion are hosted by the hornblende gneiss where it is in contact with 
granitic and pegmstitic dikes and sills. Surprisingly, the opaque 
mineral content of this gneiss is low which accounts for its low 
magnetic susceptibility. Weathering of the gneiss is usually along 
well defined joint planes. 
The biotite gneiss differs more widely in grain-size and rela-
tive proportions of minerals from other gneisses. Mineral assemblages 
~ 
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that compose the biotite gneiss are typically quartz-plagioclase-biotite 
and quartz-plagioclase-microcline-biotite, Biotite content of this 
gneiss is characteristically higher than that of the other gneisses 
and may constitute as much as 10 percent of the rock. Accessory min-
erals are garnet, zircon, sphene, chlorite, and opaque minerals. This 
gneiss ranges from coarse to medium-grained and is typically xenoblastic 
with large porphyroblasts of quartz and plagioclase, Veinlets of quartz 
have been folded and distended into tight folds and bouninage, Inter-
layered with this gneiss are subordinate amounts of quartzofeldspathic 
gneiss, biotite schist, and amphibolite. A numerous variety of dikes 
and sills of granitic and mafic composition are hosted by this unit. 
The magnetic susceptibility (k) of seven samples of the various 
gneisses have been measured. These measurements have been plotted with 
the cored sample of the quartz-biotite schist (Figure 6). Range of the 
magnetic susceptibilities is between 10 x 10-6 to 2300 x 10-6 cgs unit. 
However, one sample of the granitic gneiss contributed heavily to the 
average susceptibility of these rocks. Neglecting this anomalous value, 
the remaining six samples give an average susceptibility (k) of 30 x 
10-6 cgs unit. For the purposes of the interpretation of magnetic data, 
these gneisses are essentially non-magnetic. 
Remanent magnetization of the samples are also low, In order 
to illustrate the relationship between the remanent magnetization and 
measured magnetic susceptibility a modified Koinigsberger ratio (Q', 
where Q' 3 JNRM/K) is useful. Q1 values of the gneisses range between 
1:1 to .01:1, with the average value of approximately .05 {Figure 7). 
It appears that the total magnetic intensity for these rocks is derived 
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Fig. 6. Magnetic susceptibility of sampled Precambrian 
crystalline rocks in study area. 
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Fig. 7. Modified Koinigsberger ratios (Q') in the Precalllhrian 
rocks of study area, Q' • Jnnn/k Qlhere k • susceptibility in earth's 
field (R0 ). Plot is based on Log 10. 
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primarily from the susceptibility, although there is a remanent compo-
nent present. The directions of the remanent magnetization for the 
gneisses are plotted on an equal-area projection (Figure 8). The direc-
tions are apparently at random, It had been noted that the samples 
taken from the opposite limbs of a large fold in the biotite gneiss 
plotted at different locations on the equal-area projection, This sug-
gests that the remanence is locked in. However, since the samples have 
not been magnetically cleaned, the stability of the remanent components 
is unknown. The low intensity, and high degree of scattering suggest 
that remanent magnetization of these rocks can be effectively ignored 
in the interpretation of the magnetic data. 
Schists 
Two types of schist have been mapped. These are the fine-
grained pelitic schist associated with the main body of amphibolites 
exposed on Black Rock Mountain, and the coarse-grained quartz-biotite 
schist that is interlayered with the biotite gneiss. Magnetic charac-
teristics of the pelitic schist has been grouped with the amphibolites, 
while the quartz-biotite schist is included with the gneisses (Figures 
6, 7, and 8), 
The fine-grained pelitic schist consists of a quartz-plagioclase-
potassium feldspar-muscovite-sillimanite-garnet mineral assemblage. 
This schist is presumably a metapelite based on its fine-grained tex-
ture and mineral assemblage. No concise metamorphic isograda could 
be determined due to the limited exposure of this schist; however, the 
presence of cordierite, sillimanite, and garnet indicate high grade 
regional metamorphism (Winkler, 1974). The pelitic schist weathers 
• 
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Fig. 8. Directions of remanent magnetization for sampled Pre-
cambrian crystalline rocks of study area. Stereoplot is equal-area 
projection of lower hemisphere. Remanent 111B.gnetization directions for 
amphibolites and pelitic schist (sampled from exposure on Block Rock 
Mountain) show roughly with poles to foliation plaues of block C 
(Figure 4). Most granite samples show negative polarity. 
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to a medium brown color, with prominent partings along foliation. 
Locally the unit grades into a quartz-plagioclase-sillimanite-
lllUSCOVite-garnet assemblage towards the western portion of Black 
Rock Mountain. Here it is in contact with a light gray to white 
bedded quartzite (Figure 3). Opaque accessory minerals are common 
in all facies of the pelitic schist, 
The quartz-biotite schist is commonly found interbedded with 
the biotite gneiss. It is generally coarse-grained and exhibits a 
well defined foliation,, Biotite commonly constitutes a large portion 
of the rock, with quartz and plagioclase in approximately equal a.mounts. 
The schist weathers differentially, with the more resistant layers com-
posed of quartz and feldspar. Accessory minerals include garnet, epi-
dote, muscovite, and opaque minerals. 
The magnetic susceptibility of two samples of the pelitic schist 
exposed on Black Rock Mountain averages 72 x 10-6 cgs unit. Average 
Q' value for these samples is .25, and the remanent directions clus-
ter around am.phibolites (Figure 8). There is a rough correlation of 
the remanent directions' for these samples with the foliation trend on 
Black Rock Mountain (Figure 4, block C). From the comparison of Q' 
values, the main contribution to the total intensity is the magnetic 
susceptibility of the pelitic schist. Remanent magnetic intensity is 
present, but it can be effectively ignored in respect to the interpre-
tation of magnetic data. It appears that a minor magnetic contrast 
exists between the pelitic schist and the gneisses. 
Due to the friable nature of the quartz-biotite schist, only 
one core sample was obtained for magnetic susceptibility and remanence 
37 
measurement. This sample had a magnetic susceptibility of 15 x 10-6 cgs 
unit, and is diagrammatically included with gneisses (Figure 6). Since 
this susceptibility falls below that of the gneisses, this schist is 
considered essentially non-magnetic. The Q' value for this sample was 
correspondingly low (,01:1), suggesting a negligible contribution of 
remanent magnetization. The biotite schist is considered essentially 
non-magnetic for the purposes of the interpretation of magnetic data. 
Amphibolites 
The main body of the amphibolites is exposed on Block Rock Moun-
tain, It consists of an aggregate of black to dark green amphibolite 
gneisses and schists which are interlayered with subordinate amounts 
of a coarser-grained, geneslly massive, lense-like bodies of black 
amphibolite (Figure 3). Subordinate amounts of pelitic schist and 
qusrtzofeldspathic gneiss also occur within the main body of the amphi-
bolite. Mineral assemblage for these amphibolites is typically 
hornblende-plagioclase-quartz, with minor amounts of actinolite and 
biotite, Accessory minerals within the amphibolite gneiss and schist 
include apatite, epidote, muscovite, and opaque minerals, The main 
body of the amphibolite weathers along partings defined by foliations 
into thin slabs and blocks, usually dark gray to brown color. Resist-
ant bands of quartz and felsic minerals are common. 
The coarse-grained, massive pods of black amphibQlite exhibit 
a texture closely resembling that of an igneous rock, The mineralogi-
cal composition of these bodies is essentially hornblende, with minor 
proportions of quartz, plagioclase, and actinolite. Actinolite is 
interstitial to the hornblende and so tends to accenuate the generally 
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crystalline texture of these bodies. Epidote and opaque minerals are 
common accessory minerals. 
The average magnetic susceptibility of the amphibolites is 
65 x 10-6 cgs unit, which is surprisingly low for a rock rich in iron-
bearing minerals. Q' values for the six samples of amphibolite range 
between .1:1 to .01:1, comparable to that of the pelitic schist 
(Figure 7). Remanent directions generally conform to the foliation 
trend on Black Rock Mountain. Preferred orientation of the samples 
is between S40-50° W, inclined 70 to 80 degrees in a normally polar-
ized direction (Figure 8). However, from the samples alone the con-
tribution of remanent magnetization is small as compared to that of 
the magnetic susceptibility. 
Granitic Rocks 
The presumably older, foliated granites described by other 
workers as the granite of Long Creek Mountain (Peterman and Hildreth, 
1977) is composed primarily of quartz, plagioclase, and microcline in 
about equal amounts. Typically, the foliated granites contain more 
biotite than the massive granite exposed in the southern half of the 
study area. Biotite can constitute up to 5 percent of the rock, and 
imparts the faint foliation characteristic of this granite. Invariably, 
large inclusions of amphibolite, gneiss, and biotite schist are con-
tained within the rock, which tend to impart a gray color to the gran-
ite •. Large pegmatitic dikes, with widths sometimes in excess of 100 
feet, cut through the main rock mass in many localities. These dikes 
contain large phenocrysts of perthitic microcline and books of musco-
vite. Garnetiferous aplite dikes are also common. Accessory minerals 
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within the granite include apatite, sphene, zircon, and trace amounts 
of opaque minerals. 
The massive, gray to pink, coarse-grained granite known as the 
Lankin Dome granite (Stuckless and Nkomo, 1978) is extensively exposed 
on the Sweetwater rocks and areas marginal to Pathfinder Reservoir 
(Figure 3). Typically, the granite is composed of large euhedral 
phenocrysts of microcline and plagioclase, which are set in a matrix 
of quartz, feldspars, biotite, and muscovite. There is evidence of 
intense alteration of the feldspar to sericite in the samples studied. 
Secondary epidote is common in the extremely seritized samples. Small 
veinlets of pegma.tite are scattered throughout the main body of granite, 
and fractures containing secondary quartz and epidote are common. 
Chlorite, zircon, apatite, and aphene are the common accessory min-
erals. Opaque minerals are present only in trace amounts. 
Eight samples of the two types of granites were measured for 
their magnetic susceptibility and remanent magnetization. Average mag-
netic susceptibility of the granites is 20 x 10-6 cgs unit, of which 
one sample is just above the lower limit of reliable resolution for the 
measuring instrument. The average is surprisingly low for a granitic 
rocks since the expected magnetic susceptibility of granites is on the 
order of 200 x 10-6 cgs unit. Q' values for the samples range between 
10:1 to .1:1 (Figure 7). Q' values for the massive granite are higher 
than the foliated granite indicating a stronger component of remanent 
magnetization. Remanent directions obtained from the samples of the 
massive granites show a preference for negative polarity between N 0-50° 
W inclined between 5 and 20 degrees. Directions for the foliated 
; 
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granites are randomly dispersed on the equal-area steronet (Figure 8). 
aowever, from the samples alone, neither the susceptibility nor the 
remanent magnetization are significant for magnetic interpretation. 
The low average susceptibility suggests depletion, or weathering of 
magnetically susceptible minerals in these granites. 
Diabase Dikes 
Diabase dikes mapped in the area are composed almost entirely 
of plagioclase and pyroxene in about equal amounts. A coarse-grained 
diabase is found towards the center of the larger dikes. Contact mar-
gins between the dikes and country rocks are marked by a "baked zone, 11 
which imparts a brittle nature to the country rock. Although the dia-
base dikes are often found along resistant ridges and knobs in the 
study area, they usually weather to a mass of jumbled blocks of medium 
brown color. 
Three samples of the diabase were obtained from different local-
ities. Average magnetic susceptibility of these samples is 55 x 10-6 
cgs unit. This is surprisingly low for diabase since the expected sus-
ceptibility is 4500 x 10-6 cgs unit (Telford et al., 1976). This sug-
gests weathering, or depletion, of magnetic minerals within the samples, 
Q'values for the diabase show an average clustered around .1:1 (Figure 7). 
Remanent directions show a preference for declination between NO - 20• 
E, inclined between -5 to +20 degrees. The samples suggest that the 
diabase dikes are weakly magnetic, and that remanent magnetization is 
negligible in comparison to the magnetic susceptibility, Likewise, as 
with the samples obtained from the granites, weathering may have affected 
these samples significantly, due to their divergence from the expected 
magnetic susceptibility. 
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In general, none of the Precambrian sampled show high magnetic 
susceptibilities. It would follow that, from these samples alone, no 
major magnetic anomalies could be caused by the rocks exposed in the 
study area. However, since these samples were obtained from surface 
outcrops, a degree of weathering may have affected the magnetic char-
acteristics of the rocks. There does exist a weak magnetic contrast 
between the amphibolites, pelitic schist, and diabase dikes relative 
to gneisses and granites. The amphibolites, pelitic schists, and 
diabases exhibit magnetic susceptibilities approximately twice that 
of the gneisses and granites. 
SEDIMENTARY ROCKS 
The sedimentary rocks exposed in the study area include those 
that comprise the Split Rock Formation of Miocene age. Regional dis-
tribution of this formation, as pr_ovided by Love (1970), suggests that 
the Split Rock Formation is in direct contact with the Precambrian base-
ment complex and that the Paleozoic, Mesozoic, and earlier Tertiary 
sedimentary rocks are non-existent in this area. Reworked portions 
of White River Formation, of Oligocene age, may be included in the 
basal conglomerates of the Split Rock Formation, but its regional 
distribution is undeterminable due to the lack of sufficient sub-
surface information. The sedimentary rock sequence in the study area 
is therefore assumed to consist entirely of the Split Rock Formation, 
Geology of the Split Rock Formation 
The Split Rock Formation is the most extensive Tertiary sedi-
mentary sequence in the Granite Mountains (Love, 1970). Contact between 
the Split Rock Formation and the Precambrian basement complex is well 
defined in the study area, with the contact of the sedimentary rocks 
with the crystalline Precambrian rocks abrupt. Thickness of the Split 
Rock Formation in the northeastern portion of the Granite Mountains may 
be 70o+ feet, but due to the lack of sufficient subsurface, data and 
irreg_ularity of the Precambrian surface this estimate may vary (Love, 
1970). No faulting has been observed in the essentially flatlying 
seditnents comprising the Split Rock Formation in the study area. 
42 
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Lithology of the Split Rock Formation 
Love (1970) interpreted the Split Rock Formation as sediments of 
fluvial and eolian origin and provides the description of these sediments 
as follows: 
Basal beds are conglomerate, gray, moderately hard, srkosic, 
widespread; intertongues with and is overlain by gray to 
white soft porous tuffaceous sandstone with abundant frosted 
rounded grains, glass chards, abraded quartz bipyramids, red-
coated quartz grains, and rounded magnetite grains; some 
pink, green, and white claystone beds in lower and upper 
parts. 
As far as is known the sedimentary rocks comprising the Split Rock For-
mation are non-magnetic. 
.,, 
AEROMAGNETIC SURVEY 
An aeromagnetic survey was flown along northwest-southeast lines 
at approximately ~-mile intervals (Figure 9).· These flight lines have a 
mean elevation of approximately 7500 feet above sea level, which corre-
sponds to a mean ground clearance of about 1000 feet, Magnetic data 
presented represents residual total field magnetics relative to an 
arbitrary datum after a regional field of 57,200 gammas was removed, 
Residual magnetic data has been contoured at 50, 100, and 500 gammas 
and superimposed upon the geologic map of the Precambrian rock units 
mapped in the study area (Figure 9). 
Observed Aeromagnetic Anomalies 
Average magnetic susceptibilities of some common rocks are 
diagrammatically illustrated in Figure 10. The susceptibility of the 
sedimentary rocks is much less than that of the metamorphic and igneous 
rocks, thus the polarization of the sedimentary rocks is much less than 
that of the metamorphic and igneous rocks, Since no igneous rocks other 
than those that comprise the Precambrian basement complex are known to 
occur in the study area, all aeromagnetic anomalies are assumed to 
originate from magnetic contrasts from within the Precambrian basement, 
or from relief on the Precambrian basement surface. 
The magnetic map (Figure 9) for the study area is marked 
by a nearly uniform magnetic field interrupted by a few isolated, 
but strong, anomalies with relatively steep magnetic gradients. 
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Fig. 9. Aeromagnetic map of study area. Contours show residual 
total field magnetic intensity relative to an arbitrary datll3D. Contour 
intervals are 50, 100, and 500 gammas. Location of flight lines are 
indicated by long dashes. Magnetic data is superimposed on a geological 
map of the Precambrian rocks exposed in this area. See Figure 3 for 
explanation of geological symbols. 
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Largest of these anomalies (approximately 1800 gammas), consists of an 
elongated, arcuate, almost symmetrical high that extends from the cen-
tral portion of T31N, R86W through the southwestern corner of T31N, 
R85W with termination in the extreme northwestern corner of T30N, R85W. 
Steepest magneti~ gradients observed on this anomaly, however, occupy 
an area covered by Tertiary sediments in T31N, R86W, along an axis 
trending essentially ESE. Axis of this anomaly is also marked by its 
curvature to the south as it passes through TllN, R85W and TJON, R85W. 
!tis noteworthy that the contours of the magnetic gradient closely 
approximate the compositional bedding of the Precambrian amphibolites, 
pelitic schists, gneisses and quartzites exposed on Black Rock Mountain. 
!tis inferred that this magnetic anomaly is closely associated with the 
rock types exposed on Black Rock Mountain, 
Other strong, yet minor, anomsliea occur in the north half of 
TJON, R85W, just south of Black Rock Mountain, and in the southeast 
corner of T31N, R87W. The magnetic relief on these anomalies is 410 
gammas and 263 gammas respectively. The anomaly south of Black Rock 
Mountain is essentially symmetrical, and elongated along an axis trend-
ing ENE, while the 263 gamma anomsly in the southeast corner of T31N, 
R87W is roughly circular in shape. These anomalies do not correspond 
directly with any Precambrian rock types exposed on outcrops. However, 
the anomaly south of Black Rock Mountain exhibits a configuration 
(except for observed amplitude) similar to that of the large anomaly 
observed northwest of Black Rock Mountain in T31N, R86W, !tis inferred 
that this anomaly is a possible extension of the anomaly associated with 
the Precambrian amphibolites, gneisses, schists, and qusrtzites exposed 
on Black Rock Mountain. 
• 
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There are no strong.anomalies observed over the exposed Precam-
brian granites or the outcrops of Precambrian gneisses and schists in 
the north half of T30N, R86W, It is evident that these rock types are 
not strongly magnetic and probably contribute less than 20 gammas to 
the regional magnetic gradient. 
In summary, the maximum magnetic relief exhibited by the strong 
anomalies do not directly correspond to any Precambrian rock units 
mapped in the study area. The only close correspondence of any mag-
netic anomalies with mapped Precambrian rocks is that of the stronger 
anomalies in close proximity to the Precambrian amphibolites, gneisses, 
schists and qusrtzites sequence exposed on Black Rock Mountain. 
Modeling of Anomalies 
In order to analyze the anomalies in terms of geometry and mag-
netization, several simplifying assumptions must be made. These assump-
tions are necessary for the ·purposes of modeling and interpretation, as 
well as to put certain constraints on the possible, and probable nature 
of the anomaly producing bodies. Most modeling- techniques require the 
uniform polsri~ation of the anomalous body in the direction of the 
earth's magnetic field, inference to the shape of the body in cross-
section, depth of burial to source of the anomaly, and a negligible 
contribution of a remnant component of polarization. 
Method 
Modeling of the anomalies was primarily accomplished through 
the use of a computational program devised by Vine and McNab (1967) 
adapted from a method described by Talwani (1965). This method 
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utilizes a series of·magnetization steps to derive a theoretical (com-
puted) anomaly from observed field values and inferred size and shape 
of the anomalous body. The assU111ptions for this method are the same as 
those assumptions for several other methods. These include: a known 
shape for the anomalous body, polarization normal ta the earth's mag-
netic field, and axis of anomaly perpendicular to cross-sectional 
dimensions of the body (Vine and McNab, 1967). This method, however, 
finds versatility in that it deduces the intensity and direction of 
magnetization of the uniformly magnetized body from observed data and 
gives same indication as to the relative magnitudes of the vertical, 
and horizontal, components of magnetization originating from the anom-
alous body. A brief description of the method and data record are 
included as part of Appendix B. 
Data preparation for the modeling of the anomalies required the 
selection of magnetic values from a field matrix covering the anomalous 
body. The selection for the x-axis of the field matrix and subsequent 
deviation of this axis from magnetic north served to orient the body 
in the earth's magnetic field and aid in modeling. Shape of the anom-
alous body was selected in such a way that the fewest number of rectan-
gles necessary ta define the shape were used, Thia was accomplished by 
approximating a shape that corresponded ta the isogam lines of the 
anomaly, 
Result~ of the modeling for the anomalies varied considerably 
with the best results obtained from the two strangest anomalies in close 
proximity to Black Rack Mountain, The circular anomaly in T31N, R87W 
did not provide acceptable results due to the inability to properly 
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satisfy shape requirements for the body, Results of the strongest anomaly 
along line A - A' presented in this section also provides a similar model 
for the 410 gamma anomaly just south of Black Rock Mountain. 
A computed effect for the largest anomaly is represented by the 
line A - A' on Figure 11, which represents the line that bisects the 
field matrix of the model. Computed effect for the model is presented 
along with the observed magnetic effect of the body. The computed curve 
produces a reasonable fit with the observed anomaly under the following 
conditions: depth to the top of the anomaly is on the order of 1,5 depth 
units (roughly 1500 feet) from the level of observation, a thin tabular 
body of approximately .25 depth-units (250 feet) thick dipping 60 
degrees or more to the NNE. Discrepancies between the computed curve 
could possibly be eliminated by the addition, or subtraction, of more 
or less magnetic material, changing the dip of the body, or by varying 
the thickness of the body slightly. Refinements such as these are 
hardly warranted. It was noted that a relatively strong component in 
a direction differing from that of the earth's normal field was observed. 
This would suggest a significant component of remanent magnetization for 
the anomalous body. 
Analysis for the 410 gamma anomaly south of Black Rock Mountain 
produced a computed curve for a body of comparable thickness as that 
observed along line A - A', but with a deeper depth to source (2500 
feet). Analysis of the anomaly in the south half of T31N, R87W did not 
conform to a simple shape and continually produced an RMS error in excess 
of 80%. Therefore, modeling of this anomaly proved unacceptable. 
Since the model for the anomaly along line A - A' conformed to 
that of a tabular sheet of variable thickness, it was decided to use 
' ..,_ .. 
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Fig, 11. Observed and computed anomaly along line A - A'. 
Computed anomaly is derived from automatic computational method devised 
by Vine and McNab (1967), The anomalous tabular shaped body is shown 
as heavily striped sheet extending to some unknown depth into the Pre-
cambrian basement. Computed depth of body from level of observation 
is 1500 feet. 
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the standardized curves for tabular sheets provided by Gay (1963) to 
make an independent determination of the thickness by graphical means. 
The depth and thickness estimates require the approximation of the 
magnetic susceptibility of the anomalous body. To facilitate an esti-
mate of this parameter, a method devised by Vaquier et al. (1951) pro-
vides a means to determine the minimum susceptibility contrast. The 
relationship: 
is based upon one of several models for bodies of varying dimensions 
in a magnetic field of different inclinations. The value ATm is the 
observed amplitude of the anomaly, while ATc and T correspond to the 
amplitude of the selected model and the strength of the earth's field. 
The observed curve fits well with that calculated for a thin sheet 
inclined between 60 and 80 degrees, with a thickness on the order of 
200 feet from a source 1500 feet from the level of observation. 
The significant observations that arise from the analysis of 
the anomaly along line A - A' are that the observed values fit well 
with a tabular body having a thickness less than the depth of burial; 
that the inclination of the tabular body is 60 degrees or greater to 
the north, and that a substantial contrast in magnetic susceptibility 
exists. A strong component of remanent magnetization, different than 
that of the earth's normal field, is strongly suggested by the presence 
of a greater than expected horizontal magnetization component. 
I 
DEPTH TO BASEMENT MODELING 
Method 
Continued analysis of depth to basement was attempted, by using 
the method described by Vine and McNab {1967) in areas of low magnetic 
gradients and flatter fields. Results of these attempts to model the 
basement produced very erratic, and often indeterminable depth estimates. 
Problems with this method arose from two factors. Primarily, the con-
toured magnetic map did not adequately represent subtle variations 
(usually anomalies less than twenty gammas), which affected the choice 
of correct depth contour level. Secondly, these subtle variations 
invariably produced an error of sufficient magnitude to render the 
analysis unacceptable. Therefore it was decided to go directly to 
flight line data and use a less subjective approach for modeling 
depth to basement. 
A method devised by Nabighian (1972) provided the basis for 
the second modeling attempt, This method requires no assumption as 
to the shape of the anomaly producing body, and uses total field data 
as the discrete parameter for analysis. The only assumptions neces-
sary for this method are that the sources are uniformly magnetized 
bodies whose constant cross-sections are perpendicular to their axes 
(Nabighian, 1972). In applying the modeling process to the study 
area, smaller anomalies of irregular shape could constitute a basis 
for depth to basement calculations. 
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Flight line data was analy~ed by Nabighian's method through the 
use of MAGDEP, a computational program devised by Cooper (1974). This 
program utilizes profiled magnetic data, which is plotted to the pole, 
and derives a series of finite magnetization steps which define the 
dimensions of the polygonal cross-section of the body. Differentiating 
the horizontal and vertical components of a magnetic field yields deriv-
atives defining a function: 
This function has the property that half-maximum half-width is equal to 
the depth of the polygonal corners. The function is also dependent on 
the variables: «(magnetic contrast), h (depth to polygon corners), 
x (dependent position variable), and c (location of the polygonal cor-
ners on the profile). Assumptions for the analysis are the same 
described by Nabighian (1972); a two-dimensional polygonal structure 
of finite, or infinite, cross-section perpendicular to its axis. The 
reader is referred to Cooper (1974) for a complete description of the 
method. 
Data Preparatio~ 
Data from four flight lines were used in the analysis, These 
flight lines traversed the study area in a NNW-SSE direction and were 
spaced approximately four-mile apart. Selection of these lines was 
based on their perpendicularity to major anomalies, and coverage of 
exposed Precambrian rocks. Location of the flight lines are shown 
on Figure 9 and .are labeled A, B, C, and D, of which A, B, and D 
traverse exposed Precambrian rocks. 
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Data from the flight lines, in the form of total field magnetics, 
without regional magnetic field removed was used for modeling. Treatment 
of the data called for the removal of an average field (in the case of 
total field magnetics), which represented a value based on the average 
of the highest and lowest magnetic values observed along each profile. 
Readings from the records were obtained at each of five-second intervals, 
which corresponded to approximately 1000 feet of horizontal distance on 
the ground. This spacing refined the profiles to a point at which anom-
alies of less than 20 gammas were discernible, thus emphasizing magnetic 
variations not visible on the contoured magnetic map (Figure 9). Addi-
tionally, the lines were segmented into elements of near equal elevation 
to insure uniformity of results, Flight line data and program parameters 
are given in Appendix c. 
Modeling 
Modeling by this method required a constraint on the maximum 
depth to the source for the anomaly. Using a depth of 38 kilometers 
for the crustal thickness in the Granite Mountain area (Jackson and 
Pakiser, 1965}, an initial maximum depth for the analysis was obtained. 
However, during the deconvolution of the magnetic data, and subsequent 
curve matching of the vertical and horizontal derivatives to the 
observed values, a constant underflow of values failed to produce a 
unique solution. Conversely, the use of a maximum depth of less than 
five kilometers resulted in an overflow of values. Consistent results 
were obtained by the use of a five kilometer maximum for depth analysis. 
A series of spot depths were obtained from the analysis of the 
profiles (table 1). After successful reiteration of magnetic data, 
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TABLE l 
ESTIMATED DEPTH VRS. ACTUAL DEPTH TO PRECAMBRIAN BASEMENT 
Estimated Actusl depth 
depth to ratio (estimated/ Source of data 
Line Location (ft) basement (ft) actual) to actual basement 
A l 1290 1420 .92 Precambrian outcrop 
" 2 1950 790 2.46 Precambrian outcrop ,, 3 1160 1590 .73 Drill hole 
" 4 1110 1800 .61 Drill hole 
" 5 620 1750 .35 Drill hole 
II 6 1950 1000 1.95 Precambrian outcrop 
B l 1390 1420 .97 Drill hole 
II 2 1070 1500 • 71 Drill hole 
It 3 1260 1190 1.08 Precambrian outcrop "' 
"' 
" 4 1500 1820 .82 Drill hole 
II 5 1010 2200 .46 Drill hole 
II 6 1300 2505 ,52 Drill hole 
C l 1450 1460 .99 Drill hole 
II 2 1110 2000? .55 ? (inferred Precambrian 
II 3 2900 2000? 1.45 ? basement from drill hole 
II 4 1850 2320 ,80 data) 
11 5 1700 2100 Drill hole 
D 1 1250 ? - Basement depth unknown 
II 2 1790 2420 .74 Drill hole 
<c 1~ 'a,~ 
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and comparison of residual curves obtained during the analysis, the 
depth estimates were plotted on cross section paper along with known 
depths to the Precambrian basement (Figure 12). Ratios of the esti-
mated depths to actual depths ranged from .35 to 2.46 (table 1), 
Where there was close correspondence of shallow and deep estimates 
(primarily over larger anomalies) the shallowest estimate was used to 
represent the top of the polygonal surface. Correspondingly, the 
deeper estimate approximates the buried earner of the anomalous body. 
This interpretation fallows that suggested by Cooper (1974). However, 
along the profiles, isolated shallow estimates predominated and these 
were used ta define Precambrian surface. Values far the ratios of 
these shallow ratios ranged from ,99 to ,35, which reflected rela-
tively goad estimates and conversely very inaccurate estimates respec-
tively. The best depth estimates were derived from the strongest 
anomalies, and were found to lie an or near the apex of these anom-
alies. Depth estimates derived from profiles traversing areas of low 
magnetic gradient and anomalies of low amplitude deteriorated consid-
erably and were consistently much less than actual depth ta Precambrian 
basement. The exception, however, is the NW half of line B, a region 
of relatively low, but persistent anomaly of 20 gammas. Most depth 
estimates in this area were within 15% of actual depths to the Pre-
cambrian basement. 
Generally, narrow anomalies of 20 gammas or less did not sur-
vive the curve fitting process and resolve to a unique solution for 
the observed values. This probably can be attributed to tne disturb-
ing influence of surrounding anomalies, or the inability of this 
. \,•,; 
' l . 
I 
I .. 
j!..' :: . I'•,';~ . 
ii 
60 
Fig. 12. Profiles along lines A, B, C, and D showing estimated 
depths to Precambrian basement. Estilllated depths to the Precambrian 
surface are derived from analysis of magnetic data by the :method devised 
by Cooper (1974). The Precambrian surface (both known and inferred) is 
shown on the profiles. Numbers along each profile correspond to location 
of depth estim&te of Figure 9. See table 1 for ratio of estimated depth 
to actual depth. 
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method to separate the anomaly into the two bell shaped curves that 
define the bounding corners of the anomalous body, A few of the 
point depth estimates were found to be isolated and at depths within 
the baselllent. It can only be assumed that these anomalies do lie 
below the upper surface of the basement complex, or that similar· 
modeling problems make those depth estimates inaccurate. 
. 
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INTERPRETATION 
Interpretation of Anomalies 
The anomalies observed in the study area (Figure 9) can only 
be interpreted within varying degrees of certainty, which are dependent 
on the limits imposed by the derived models, as well as the rock types 
present on outcrop or those that can exist in the covered portions of 
the study area. Implicit in this interpretation is the recognition 
that the models cannot represent every variable that could exist in a 
natural system. Deviations in the dimensions, magnetic properties, and 
composition of the anomalous bodies probably exist, 
The prominent magnetic high along line A - A' (Figure 9) is 
closely associated with the Precambrian ampnibolites, peletic schist, 
and quartzites exposed on Black Rock Mountain, Love (1970) was the 
first to suggest the possible existence of an iron-rich metasedimen-
tary rock associated with the metamorphic sequence in the Granite 
Mountains area. Houston (1973) and Bickford (l977) have confirmed 
the existence of an iron-rich silicate rock (iron-formation) which 
is exposed in the Barlow Gap area, approximately 15 miles northwest 
of this study area (Figure 1). These units lie conforms.bly within a 
sequence of amphibolites, schists, and quartzites as a series of 
lense-like bodies ranging in thickness from 0-70 feet (Bickford, 1977), 
with the average unit-wide magnetite content on the order of 25 percent 
(Houston, 1973). The implication here is that the strong anomalies 
associated with the amphibolites, pelitic schist, and quartzites 
63 
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exposed on Black Rock Mountain may be due to the presence of an iron-
bearing metasedimentary rock s:lmilar to that exposed in the Barlow 
Gap area. 
By using the method of Gay (1967), the average thickness of the 
magnetite-rich bodies in the Barlow Gap area, and depth estimates for 
the anomaly derived from the previous section, the maximum anomaly 
produced by a tabular body, dipping greater than 60 degrees would be 
on the order of 325 gammas. This constitutes only 25 percent of the 
observed anomaly represented by line A - A'. This underestimate sug-
gests either an increase in the magnetite content of the body, or an 
increase in the cross-sectional area of the body. Since the models 
from the previous section indicate that the anomalous body is on the 
order of 200 to 250 feet thick, this estimate was used. Correspond-
ingly, the depth estimates derived from the models provided the depth 
of burial from level of observation. The maximut>1 magnetic relief pro-
duced from the analysis was 1633 gammas, which is slightly less than 
the anomaly along line A - A'. The 410 gamma anomaly south of Black 
Rock Mountain fits well with a tabular body 100 feet in thickness, 
containing 25 percent magnetite, buried at a depth of 2500 feet from 
the level of observation. 
Although the thickness of the iron-bearing meta.sediments 
exceed those described by Bickford (1977) in the Barlow Gap area, 
they do not exceed the possible limits of those described by other 
workers in the Precambrian terrane of Wyoming (Bayley and James, 
1973). The iron-rich metasedimentary rocks, generally referred to 
as "iron-forl!llltion," in the Wind River, OWl Creek, and Laramie Ranges 
."i 
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of Wyoming, and Black Hills area of South Dakota often exceed 200 feet 
in thickness (Bayley et al., 1973, Bayley and James, 1973). The aver-
age magnetite content of the anomalous bodies producing the anomalies 
near Black Rock Mountain may be in excess of the average magnetite con-
tent of those bodies in the Barlow Gap area. An increase in the magne-
tite content would require the decrease in the thickness of the body 
to produce a sild.lar magnetic effect. However, such ambiguities can 
only be resolved through direct observation of the anomalous bodies. 
Because these anomalies originate from bodies covered by Tertiary rocks 
and sediments, direct observation is impossible. Therefore, it is 
necessary to rely upon the models for interpretation. 
Models for the anomalies, and occurrence of rock types asso-
ciated with magnetite-bearing metasediments in the Barlow Gap area sug-
gest the presence of a similar rock type within the study area. Con-
formity of the magnetic contours with the sequnnce of amphibolites, 
pelitic schists, and quartzites exposed along Black Rock Mountain also 
support this interpretation (Figure 9). Although none of th.e samples 
of the amphibolites or pelitic schist directly correspond to any mag-
netic maximum, the magnetic contrast between these rocks and their 
counterpart gneisses and granites (Figure 6) do suggest that the anom-
alies centered around Black Rock Mountain are confined to this terrane. 
Since the samples used for measurement of the magnetic properties were 
obtained from surface exposures the magnetic contrast may be even 
greater.· Lidiak {1974) has suggested that the partitioning of Fe and 
Ti oxides during high grade regional metamorphism may account for the 
enhancement of magnetic anomalies over the Precambrian metasediments 
'ii•' 
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in the Bighorn Range of Wyoming and the Precambrian complex in the Minne-
sota River Valley. Since the Precambrian rocks exposed in the Granite 
Mountains area are of similar lithology and metamorphi.c grade as those 
exposed in the Bighorn Range of Wyoming (King, 1976) a magnetic contrast 
between the amphibolite-pelitic schist and the surrounding granites and 
gneisses may exist. 
The anomaly in the south half of T31N, R87W is interpreted to 
be caused by a rock of mafic composition. Since the outcrop just south 
of the anomaly hosts a family of diabase dikes, a deeper source for 
these dikes is possible. None of the diabase dikes sampled in the 
study area show a strong magnetic susceptibility (Figure 6); therefore 
a deep weathering of the diabase dikes is suggested. The average mag-
netic susceptibility of the sampled diabases falls considerably below 
the average of most sampled by other workers {Schlieter, 1929, Telford 
et al., 1976). The irregular shape of the anomaly, and suspected lower 
magnetite content of the body, do not conform to the anomalies centered 
around Block Rock Mountain, It can only be presumed that the anomaly 
is caused by a rock mass of different composition than the 111etasedi-
mentary sequence located near Black Rock Mountain, 
The interpretation of magnetic aU0111Slies should also include a 
treatment of the remanent component and its effect on the observed 
anomaly. Numerous workers have cited the importance of remanent mag-
netism in magnetic interpretation. Book:11 (1962) gives the best example 
of the significant effects of a strong rema.nent component for some anom-
alies in north-central Montana. However, since the direct causes for 
the strongest anomalies are not accessible for study it can only be 
.. ~ 
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assumed that the remanent component in the anomalies is negl:Lgible in 
comparison to th& magnetic susceptibility. Intensity and direction of 
the rem.anent component would be dependent upon the strength of the asso-
ciated anomaly, redistribution of rocks during tectonism, and degree of 
alteration of the magnetic minerals due to metamorphism and weathering, 
Interpretation and Evaluation 
of Depth to Basement 
In general, the depth estimates derived through the use of the 
program MAGDEP (Cooper, 1974) were short of the true depth to Precam-
brian basement. This generalization is especially true for estimates 
in areas exhibiting low magnetic relief and gentle magnetic gradients. 
These estimates deteriorated considerably, and their ultimate accuracy 
more or less varied with the sharpness and width of the anomaly. 
Watkins (1964) used graphical techniques adapted from Vaquier 
et al. (1951), to derive depth estimates from flight-line data for 
Kansas and Nebraska. It was found that anomalies of low amplitude, 
originating from bodies whose siie dimensions are equal to or less 
than depth of burial, tended to give depth estimates less than actual. 
Watkins suggested that this is a result of selecting inaccurate half-
maximum half-width estimates from the profile data. Since the method 
provided by Nabighian (1972), and the computational procedures for the 
program MAGDEP (Cooper, 1974), uses the half-maximum half-width (w/2) 
as the estimate for the depth to the corner of the anomalous body, the 
initial value obtained from a narrow anomaly would be less than that 
selected from a corresponding broader anomaly. Effect of using a half-
maximum half-width value (w/2) from magnetic anomalies of different 
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widths and amplitudes are diagrammatically illustrated in Figure 13. 
The narrow anomaly (curve 1) would produce shallower depth estimates 
than wider anomalies (curves 2 and 3). Increased line spacing could 
also tend to introduce error into the selection of a hslf-maximUlll half-
width value. Since the data spacing on the profiles corresponded to 
1000 feet, any anomaly having a width less than this spacing would be 
subject to an error in estimating an accurate W/2 value. In terms of 
relevancy to the magnetic profiles over the study area, the estimates 
from anomalies in areas characterized by a low amplitude and short 
duration would be much shallower than the actual depth. Obliquity of 
the profile to the axis of the anomalous body could also introduce an 
error to the depth estimates, 
It is noted from geological and magnetic data that the surface 
expression of the Precambrian basement is at best highly irregular. 
The effect of the topographic and structural expression of the Precam-
brian surface can be interpreted within varying degrees of certainty 
by observing the effects of the Precambrian outcrops. Two profiles, 
lines A and B (Figure 12) best illustrate these effects. The north-
western portion of line A is dominated by the isolated anomaly in the 
south half of T31N, R87W. The estimated depths to the basement con-
forms to a source buried within the outcrop. The estimate is within 
10 percent of the actual Precambrian surface, however tbs magnetic 
effect of approximately 500 feet of topographic relief on the surface 
exposure is negligible in comparison to that of the anomalous body 
buried at depth. Likewise, the topographic expression of nearly 400 
feet of granite is overlooked by the depth analysis in the southeastern 
I 
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Fig, 13. Effect of half-:maximum half-width (W/2} estimates from 
various magnetic anomalies. Narrow anomalies, represented by curve 1, 
yield depth estimate dl, while broad anomalies, differing in observed 
amplitude, yield similar depth estimates (d2 and d3). 
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portion of line A (Sweetwater Rocks). The depth estimate in this area 
puts the basement well within the Precambrian outcrop. Line Bis char-
acterized by a smooth, undulating aurface which is not broken by any 
strong anomalies. None of the anomalies exceed 200 gammas, However, 
the exposed Precambrian rocks along this profile occupy an area of low 
magnetic relief and do not contribute to the observed profile. The 
depth estimate is based upon an anomaly not related to the surface 
expression of the outcrop. It can only be assumed that the spot depths 
derived by the method devised by Nabighian is sensitive to intrabasement 
contrasts (magnetic contrasts). The analyses therefore reflect magnetic 
basement and not structural basement. 
The significant facts that arise from the analysis are that 
inhomogenities within the Precambrian do exist, the bulk magnetic sus-
ceptibilities of the Precambrian rocks are not reflected by the measured 
samples, and that the modeling of the basement reflects trends in the 
magnetic basement not structural basement. Stuckless et al. (1976) 
reports thst the magnetic susceptibilities of several samples of the 
granites drilled in the Pedro Mountains approximately 15 miles to the 
southeast of this study area exhibited a wide range of values. Some 
of the granites had anomalously high magnetite contents while others 
were essentially non-magnetic. It had been suggested by Stuckless 
et al. (1976) that the wide variation in magnetic susceptibilities 
reflect a complex history of magnetite enriclm!ent and depletion for 
the granites. It is interesting to note that the diabase encountered 
in the drilling of the Pedro Mountains area also exhibited variations 
in the magnetic susceptibilities of the samples measured. Stuckless 
n. 
et al. (1976) indicate that weathering may have affected the magnetite 
content of the diabases to some depth within the Precambrian complex. 
In lieu of the findings from depth analysis, and interpretation 
of anomalies, the modeling of the basement from magnetic profiles is 
directly dependent on the intrabasement contrasts originating from the 
Precambrian surface. Without adequate control, major topographical and 
structural features can be overlooked during the interpretation of mag-
netic data. The modeling of depth to magnetic basement for this study 
is restricted to the lines presented in Figure 12. Modeling by 
Nabighian's method can effectively be used to define gross trends in 
the basement cor.>.plex from flight-line data if certain constraints are 
maintained during the interpretation. A statistical analysis would 
n10st probably result in an empirical grouping of anomalies best suited 
for depth analysis, as well as their expected error. However, since 
only a limited number of known depth to basement are available for the 
area such a statistical analysis at this time would be impossible. 
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-DISTRIBUTION OF PRECAMBRIAN ROCKS 
The known and inferred distribution of major Precambrian litho-
logic units in the study area are shown on Figure 14 a.s a generalized 
geological map of the Precambrian surface from which the overlying Ter-
tiary rocks and sediments have been removed. The location of the con-
tacts are based upon the location of major magnetic anomalies. Due to 
the lack of sufficient control on the structural relief of the Precsm-
brian surface, contouring of this surface is impossible. 
The prominent anomalies observed in T31N, R85W, and in the north 
half of TJON, R85W are interpreted to be underlain by the amphibolite-
pelitic schist-"iron formation" sequence (Figure 14). The sequence 
extends through the study area in an arcuate pattern, concave to the 
northeast. Discontinuity in the magnetic gradient for the unit {Figure 
10) is interpreted to be caused by a displacement of this sequence in 
the Precambrian complex. This displacement is interpreted to be the 
result of a fault trending approximately N70°E through the study area 
(Figure 14). This fault may be related to the major faults mapped by 
Texas Instruments Incorporated (1974),which cut through this portion of 
the Granite Mountains area. 
The exposed granites and gneisses mapped in the study area 
exhibit low magnetic relief. These rocks are interpreted to underlie 
the areas of low magnetic relief (Figure 9 ).. Since these rocks lack 
characteristic magnetic anomalies, contrasts between these Precambrian 
unite cannot be made. Therefore, they have been grouped for the 
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Fig. 14. Distribution of known and inferred Precambrian rocks 
in the study area. Map is a representation of the Preca1llbrian surface 
with Tertiary cover removed. Numbers indicate elevation of point on 
the Precambrian surface. 
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purpose of mapping to illustrate the composition of the Precambrian base-
ment complex in areas exhibiting low magne.tic relief (Figure 14). The 
magnetic anomaly in the south half of T31N, R87W is interpreted to be 
caused by a rock mass of mafic composition. Since the anomalous body 
is not exposed, the exact composition of this unit remains unknown. 
However, the close proltimity of the diabase dikes, exposed on the Pre-
cambrian outcrop south of this anomaly (Figure 9), suggests that the 
composition of this anomalous body may be similar to that of the dia-
base dikes, 
• Ill 
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SUMMARY 
Mapping of the Precambrian rocks in the study area indicate that 
the basement is composed of an assemblage of gneisses, met&111orphosed 
volcanics and sediments, and granites. The oldest of these rock types 
are thought to be a metasedi:mentary sequence which possibly represents 
that described by Peterman and Hildreth (1977). This sequence has been 
subjected to a complex history of metamorphism and intrusion by igneous 
rocks of granitic and ma.fie composition. The Granite Mountains area has 
since been subjected to a history of tectonism. This led to the develop-
ment of an irregular surface expression for the Precambrian complex by 
tectoniam, erosion, subsidence, burial, and partial exhumation of the 
basement complex. 
The aeromagnetic map of the study area shows a nearly uniform 
magnetic gradient that gradually increases to the northeast. This 
gradient is interrupted by a few magnetic highs, two of which are 
associated with an amphibolite-pelitic-schist-quartzite sequence exposed 
on Black Rock Mountain. Modeling of these anomalies by the method 
described by Vine and McNab (1967) indicate.that these anomalies are 
caused by thin, tabular bodies that do not exceed 250 feet in thickness. 
These bodies are buried at a relatively shallow depth under the Tertiary 
cover. Subsequent analysis of these bodies, through the use of ·the 
limiting parameters imposed by the models, indicate that they have a 
relatively high magnetite content, on .the order of 25 percent by volume. 
These bodies are interpreted to be magnetite bearing metasediments which 
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is interlayered within an amphibolite-pelitic schist-quartzite sequence. 
The strong anomaly in the south half of T31N, R87W is interpreted to be 
the result of underlying mafic rock related to the diabase dikes. 
Comparison of the measured magnetic susceptibilities and the 
natural remanent magnetism intensities indicate that the anomalies are 
derived primarily from the susceptibility of the rock bodies. Correla-
tion of the magnetic susceptibility of the rocks with the magnetic 
gradients over exposed basement indicate that none of the strongest 
anomalies are directly related to any Precambrian rock mapped. Col-
lectively, the amphibolites and pelitic schists have a magnetic sus-
ceptibility approximately twice that of their counterpart gneisses and 
granites. This magnetic contrast may contribute partly to the steep 
magnetic gradient observed over the western portion of Black Rock Moun-
tain. However, the measured susceptibilities of these rocks cannot 
alone explain the strong magnetic relief in this area. This suggests 
that the bulk susceptibility of these rocks is greater than the mea-
sured values. 
Remanent directions of the sampled Precambrian rocks show that 
the amphibolites, pelitic schists, granites, and diabase dikes have a 
general preferred orientation as compared to the gneisses. However, 
due to the limited exposures the basin-wide distribution of remanent 
directions cannot be made. Only the granites show any preference for 
negative polarity. Preliminary evidence indicates that the remanence 
may be locked into the rocks, however, these samples must be magneti-
cally cleaned to confirm this. 
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CONCLUSIONS 
Structural relief on the Precambrian surface probably does not 
exceed 2,SOO feet. However, the effects of topographic relief in 
exposed and covered portions of the study area do not contribute sig-
nificantly to the magnetic relief observed. The depth estimates, 
derived through the method described by Nabighian (1972), are probably 
the result of magnetic contrasts within the Precambrian basement. 
Therefore, the suprabasement contrasts (those due to structural relief) 
are often not defined in the analysis. 
The prominent magnetic highs flanking Black Rock Mountain are 
interpreted to be the result of a magnetite-bearing metasedimentary 
rock interlayered with the amphibolites, pelitic schist, and quartzites 
similar to those exposed in the Barlow Gap area. Bayley a.nd James (1973) 
discuss the occurrence of Precambrian iron-bearing metasedimentary rocks 
in the Wind River, Owl Creek, Laramie, and Hartsville Ranges of Wyoming, 
and the Black Hills of South Dakota. The composition of these units 
invariably contain silicates, and iron oxides of magnetite and hematite. 
The magnetic high in the south half of TllN, R87 is interpreted to be 
the result of underlying mafic rock, probably related to the swarm of 
diabase dikes that are hosted by the metamorphic sequence exposed imme-
diately south of the anomaly. 
Through the use of combined geological and geophysical evidence, 
it is possible to approximate the extension of the amphibolite-pelitic 
schist-quartzite sequence through the buried portions of the study area 
79 
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and provide a generaliaed subsurface map of the Precambrian surface 
(Figure 14), Modeling of the major anomalies has provided evidence 
for the occurrence of a rock type not exposed within the study area. 
This rock type is interpreted to be of similar composition as that 
magnetite-bearing metasediments similar to that exposed in the Barlow 
Gap area, which is interlayered with the amphibolites-pelitic schist-
quartzite exposed in the study area. Discontinuities in the magnetic 
contours associated with this assemblage are probably related to the 
major structural features previously mapped by other workers. 
A combined detailed gravity and ground magnetic survey would 
probably result in the delineation of features associated with topo-
graphic or structural relief on the basement surface. Furthermore, 
a statistical analysis of the results obtained from such a survey 
could give some insight into the relative error that can be expected 
from depth studies of magnetic data useful for· future investigations 
in the Granite Mountains area. 
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APPENDIX A 
FOLIATION DATA 
83 
Foliation data included in this appendix corresponds to that 
obtained by field mapping from the outcrops outlined by blocks A, B, 
and C of Figure 5 (text), This data has been plotted on equal-area 
steronets and contoured by the methods outlined by Turner and Weiss 
(1963) on Figure 4 (text). The contouring method is that of Mellis' 
(Turner and Wei41s, 1963) for less than 150 points. Data is in 
degrees 
Foliation Data 
Block A Block B Block C 
strike dip strike dip strike dip 
N74E 14NE N33W 27NE N40E 66SE 
N81E 46NW N54W 41NE N45E 26SE 
N83E 90 vert. N56W 28NE N41E 15SE 
N80E 2SE N58W 46NE N43E 90 vert, 
N68E 32SE N58W 51NE N80E 46SE 
N76W 8SE N49W 51NE N21E 12SE 
N85W SNE N49W 38NE N22E 46SE 
N75E 16SE NSOW 20NE N60E 56SE 
N80W 10SE N20W 25NE N51E 68SE 
N76E 15SE N64W 16NE N44E 90 vert. 
N51E 69SE N61W SONE N43E 51SE 
N46E 45SE N48W 27NE N46E 58SE 
N58E 17SE NlOE 53SE N43E 36SE 
N68W 24SE N45W 42NE NlOE 15SE 
N28W 9 hor. N34W 34NE N46W 53SW 
' N71W 42NE N58W lSNE N35W 41SW !,'" 
N SW 9 hor. NSSW 29NE N40E 30SE l1 i NS8E 58SE N49W 21NE NS2E 90 vert. 
N80W 16SW N33W 28NE NSOE 75SE 
N79E 90 vert. N26W 25NE N70E 66SE 
N53E 90 vert. N35W 26NE N90E 65SE 
N67W 23SE N34W 16NE 
N72E 14NW N27W 30NE 
N75E 12SE N38E 68NW 
N72W 57NE NlOE 18NW 
N73W 34NE N45W 5NE 
NSSW . 64NE NlOW SNE 
N62W 38NE N25W 20NE 
N73W SNE N40W 28NE 
N85E llNE N SW lONE 
N76E lSNW NlSW 30NE 
N58E 30SE N80E 20NW 
N67E 32SE NlOW 40NE 
N72E 14SE 
• 
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DESCRIPTION AND DATA INPUT FOR ANALYSIS OF 
ANOMALY ALONG LINE A -A' 
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Magnetic Analysis Along Line A - A' 
Included in this appendix is a brief description of the method 
of Vine and MacNab (1967), data preparation, and data listing for the 
analysis of the magnetic anomaly along line A - A' from figures 9 and 
11 (text). The reader is referred to Vine and McNab (1967) for com-
plete description of the method and Fortran source. 
Method Description and Data Preparation 
The magnetic anomaly along line A - A' (Figure 9 in text) pro-
vides the area for analysis. A grid is superimposed upon the anomaly, 
with the spacing of the grid points chosen at a distance necessary to 
outline the anomaly or at the smallest increment possible. In the 
case of this analysis, a grid spacing of 1000 feet along the x and y 
axes provided the smallest spacing for which grid values were accu-
rately obtained. The x-axis was arbitrarily chosen to represent the 
north seeking axis with the y-axis perpendicular to the x-axis. Data 
values for the magnetic field over the anomaly are obtained at the 
intersection of the x and y grid. These values are the ZS values in 
gammas. Format for the input values must conform to the occurrence 
of these values as they appear on the rows of the grid (i.e., 
X1Y1 through X1YN)• The shape of the anomalous body is approximated 
by the least number of rectangles. In the case of the analysis 
along line A - A', a rectangle of ,25 x 4 depth units was used,_ 
which approximated a planar dimension of 250 x 4000 feet. Data 
was obtained in the field matrix and line A - A' reprasents the 
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line for the origin of positive Y values, Line A - A' (Figures 9 & 11) 
bisects the anomaly along a dimension perpendicular to the longest 
dimension of the anomalous body, Depth contours are chosen at the 
discretion of the user of the program; in this case a depth contour 
of 1.5 depth units was used to model the anomaly. 
Additional parameters necessary for the analysis are the bear-
ing of the x-axis from true north, inclination, and declination of the 
earth's magnetic field. These parameters are given in the input-output 
section of this appendix, Results of the output included the observed, 
and computed magnetic values with grid points. Plotting of observed 
and calculated values on cross-section paper provide a model for the 
analysis, The data presented in the data section have a base of 5000 
gammas added to the residual total magnetics. 
' I 
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INPUT DATA 
Program Parameters 
Strike of x-axis : 15.00 (deg) 
Inclination of earth's field: 63.90 (deg) 
Declination of earth's field: 15.50 (deg) 
ZS values (in gammas--eight values per card) 
4460.0 4463.0 4462.0 4460.0 4460.0 4560.0 
4560.0 4560.0 4760.0 4753.0 4740.0 4700.0 
4900.0 4870.0 4900.0 4920.0 5130.0 5100.0 5185.0 5360.0 5430.0 5500.0 5500.0 5520.0 6000.0 5985.0 5730.0 6250.0 6300.0 6190.0 5630.0 5620.0 5600.0 5600.0 5500.0 5250.0 4970.0 5005,0 5030.0 5060.0 5070.0 4780.0 4830.0 4900.0 4680.0 4690.0 4710.0 4750.0 4620.0 4635.0 4670.0 4720.0 4640.0 4620.0 4640. 0 4680.0 4640.0 4610. 0 4600.0 4610,0 
Levils : 3 
Depth to contour level: 1.5. 
Rectangle coordinate increment 
.25 & 4.00 
OUTPUT 
4565.0 4563.0 
4700.0 4940.0 
5070.0 5100.0 
5650.0 5780.0 
6000.0 5800.0 
5280.0 5300.0 
4820.0 4820.0 
4780.0 4630.0 
4620.0 4620.0 
4620.0 4610.0 
Coordinates Magnetic Data 
Observed Co,nputed X y (gammas) (gammas) 
7.0 o.o 4460.0 4796.7 7.0 LO 4463,0 4794.3 7.0 2.0 4462.0 4794.0 7.0 3.0 4460,0 4795.6 7.0 4.0 4460.0 4798.9 6.0 o.o 4560.0 4785.8 6.0 1.0 4565.0 4783,5 6.0 2.0 4563.0 4784,1 6.0 3.0 4560.0 4787.4 6.0 4.0 4560.0 4792,8 5.0 o.o 4760.0 4773.2 5.0 1.0 4753.0 4772.3 5.0 2.0 4740,0 4775.2 5.0 3.0 4700.0 4781.4 5.0 4.0 4700.0 4789.6 4.0 o.o 4940.0 4766,9 
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X 
4.0 
4.0 
4.0 
4.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.0 
2.0 
2.0 
2.0 
LO 
1.0 
1.0 
1.0 
1.0 
0.0 
o.o 
0.0 
0.0 
0.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-2.0 
-2.0 
-2.0 
-2.0 
-2.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-4.0 
-4.0 
-4.0 
-4.0 
-4.0 
-5.0 
-5.0 
-5.0 
-5.0 
-5.0 
-6.0 
y 
1.0 
2.0 
3.0 
4.0 
0.0 
1.0 
2.0 
3.0 
4.0 
1.0 
2.0 
3.0 
4,0 
o.o 
1.0 
2.0 
3.0 
4.0 
o.o 
1.0 
2.0 
3.0 
4.0 
o.o 
1.0 
2.0 
3.0 
4.0 
o.o 
1.0 
2.0 
3.0 
4.0 
0.0 
1.0 
2.0 
3.0 
4.0 
o.o 
1.0 
2.0 
3.0 
4.0 
o.o 
1.0 
2.0 
3.0 
4.0 
0.0 
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Observed 
(gammas) 
4900.0 
4870.0 
4900.0 
4920. 0 
5130.0 
5100.0 
5070.0 
5100.0 
5185.0 
5430.0 
5500.0 
5500.0 
5520.0 
5650.0 
5780.0 
6000.0 
5985.0 
5730.0 
6250.0 
6300.0 
6190.0 
6000.0 
5800.0 
5630.0 
5620.0 
5600.0 
5600.0 
5500.0 
5250.0 
5280.0 
5300.0 
5300.0 
4970.0 
5005.0 
5030.0 
5060.0 
5070.0 
4780.0 
4820.0 
4820.0 
4830.0 
4900.0 
4680.0 
4690.0 
4710.0 
4750.0 
4780.0 
4630.0 
4623.0 
Computed 
(gammas) 
4771. 7 
4779.8 
4789.6 
4798.9 
4804.4 
4826.2 
4845.7 
4854.4 
4849.3 
5084.8 
5131.5 
5110.3 
5012.4 
5672.0 
5816,1 
5939.l 
5814.9 
5371.5 
6088.4 
6311.3 
6567.9 
6448.7 
5660.0 
5174,1 
5394.9 
5659.4 
5751.4 
5429.5 
4741.3 
4896.7 
5063.0 
5163.3 
5119, 5 
4700.8 
4793.6 
4885.7 
4948.7 
4959,6 
4730.0 
4783.0 
4834.3 
4872.2 
4888.4 
4759.3 
4789.8 
4819.6 
4842.9 
4856.1 
4780.3 
1 
r 
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T 
X y 
-6.0 1.0 
-6.0 2.0 
-6.0 3.0 
-6.0 4.0 
-7 .o 0.0 
-7.0 1.0 
-7.0 2.0 
-7.0 3.0 
-7.0 4.0 
-8.0 o.o 
-8.0 1.0 
-8.0 2.0 
-8.0 3.0 
-8.0 4.0 
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Observecl 
(gammas) 
4635.0 
4670.0 
4720.0 
4640.0 
4620.0 
4620.0 
4620.0 
4640.0 
4680.0 
4640.0 
4610.0 
4600.0 
4610.0 
4620.0 
Computed 
(gammas) 
4798.4 
4816.3 
4831.1 
4840.9 
4794.3 
4805.5 
4816.7 
4826.4 
4833.4 
4803.8 
4810.9 
4818.2 
4824,7 
4829.8 
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DATA INPUT PARAMETERS AND MAGNETIC DATA 
FOR PROGRAM MAGDEP 
I , T I 
I 
' 
t:, 
91 
LINE A 
M.ap Data 
Location of start of line: 42.63° latitude, 107.24° longitude 
Location of line termination: 42.51° latitude, 107.19° longitude 
Input Parameters 
Ship speed (Kts) 148 
Field inclination (Deg): 69,3 
Magnetic heading (Deg): 31. 0 
Maximum body depth (Km) : 5 
A(x) cutoff:0.01 
Residual cutoff:0.10 
Start profile: 00.0 mins. 
End profile: 2.8 mins 
Data Input Points 
Number of input data points: 35 
Data points: 
Time (hr) 
o.o 
0.001 
0.003 
0.004 
0.006 
0.007 
0.008 
0.010 
0.011 
0.012 
0.014 
0.015 
0.017 
0.018 
0.019 
0.021 
0.022 
0.024 
0.025 
0.026 
0.028 
0.029 
0.031 
Total Magnetics (ga111111as) 
56724 
56715 
56715 
56713 
56720 
56732 
56768 
56809 
56761 
56686 
56654 
56652 
56656 
56649 
56645 
56641 
56647 
56632 
56626 
56622 
56620 
56613 
56609 
I 
I 
' \ Data Input Points :Line A Continued 
Time (hr) 
0.032 
0.033 
0.035 
0.036 
0.037 
0.039 
0,040 
0,042 
0.043 
0.044 
0.046 
o.047 
92 
Total Magnetics (gammas) 
56593 
56583 
56579 
56580 
56572 
56571 
56573 
56568 
56568 
56566 
56550 
56548 
Regional field removed from total magnetics: 56679 gammas 
93 
LINE B 
Map Data 
Location of start of line: 42.64• latitude, 107.16° longitude 
Location of line termination: 42.53° latitude, 107.11° longitude 
Input Parameters 
Ship speed (Kts): 157.8 
Field inclination (Deg.): 69.3 
Magnetic heading (Deg): 31.0 
Maximum body depth (Km): 5 
A(x) cutoff: 0.01 
Residual cutoff: 0.01 
Start profile : 00,0 mins. 
End profile: 03,0 mins. 
Data Input Points 
Number of Input data points: 32 
Data points: 
Time (hrs) 
0.00 
0.001 
0.003 
0.004 
0.006 
0.007 
0.008 
0.010 
0.011 
0.012 
0.014 
0.015 
0.017 
0.018 
0.019 
0.021 
0.022 
0.024 
0,025 
0.026 
0.027 
0.028 
0.030 
Total Magnetics (gammas) 
56727 
56728 
56734 
56744 
56738 
56724 
56718 
56711 
56701 
56682 
56670 
56667 
56670 
56666 
56664 
56656 
56650 
56640 
56636 
56630 
56623 
56616 
56612 
I 
TiStf 
Data Input Points: 
Time (hrs) 
0.031 
0.032 
0.033 
0.035 
0.036 
0.037 
0.039 
0.040 
0.041 
94 
Line B Continued 
Total Magnetics (gammas) 
56608 
56602 
56592 
56594 
56594 
56602 
56615 
56622 
56621 
Regional field removed from total magnetics: 56668 ga.mtllAs 
95 
LINE C 
Map Data 
Location of start of line: 42,65° latitude, 107.09° longitude 
Location of line termination: 42.53° latitude, 107.04° longitude 
Input Parameters 
Ship Speed (Kts): 148 
Field inclination (Deg): 69.3 
~agnetic heading (Deg): 31,0 
MaximUlll body depth (Xm): 5 
A(x) cutoff: 0.10 
Residual cutoff: 0.10 
Start profile: 00.0 mins. 
End profile: 03.0 mins. 
Data Input Points 
Number of input data points: 37 
Data points: 
Time (hrs) 
o.oo 
0.001 
0.003 
0.004 
0.006 
0.007 
0.008 
0.010 
0.011 
0.012 
0.014 
0.015 
0.017 
0.018 
0.019 
0.021 
0.022 
0.024 
0.025 
0.026 
0.028 
0.029 
0.031 
Total Magnetics (gammas) 
56935 
57109 
57425 
58274 
58522 
57940 
57428 
57127 
56964 
56885 
56836 
56807 
56795 
56774 
56761 
56752 
56751 
56755 
56764 
56789 
56782 
56775 
56775 
i 
i 
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' Data Input Points: Line C ~tinued 
Time (hr~) 
0.032 
0.033 
0.035 
0.036 
0.037 
0.039 
0.040 
0.042 
0.043 
0.044 
0.046 
0.047 
0.049 
0.050 
96 
Total Magnetics (gammas) 
56755 
56731 
56707 
56686 
56669 
56652 
56643 
56641 
56643 
56643 
56643 
56648 
56649 
56642 
Regional field removed from total magnetics: 57582 gammas 
97 
LINED 
Map Data 
Location of start of line: 42.55° latitude, 106,98° longitude 
Location of line termination: 42.67° latitude, 107.03° longitude 
Input Parameters 
Ship speed (Kts): 148 
Field inclination (Deg): 69.3 
Magnetic heading (Deg): 31.0 
Maximum body depth (l(M): 5 
A(x) cutoff: 0.01 
Residual cutoff: 0.10 
Start profile: 00.0 mins. 
End profile: 02.8 mine. 
Data Input Points 
Number of input data points: 34 
Data points: 
Time (hrs) 
o.o 
0.001 
0.003 
0.004 
0.006 
0.007 
0.008 
0.010 
0.011 
0.012 
0.014 
0.015 
0.017 
0.018 
0.019 
0.021 
0.022 
0.024 
0.025 
0.026 
0.028 
0.029 
0.031 
Total Magnetics (gammas) 
56702 
56696 
56692 
56687 
56683 
56680 
56679 
56674 
56683 
56690 
56716 
56772 
56852 
56875 
56790 
56712 
56677 
56677 
56678 
56674 
56662 
56656 
56665 
(, 
I 
: 
I 
I ,· 
' I 
Data Input Points: 
Time (hrs) 
0.032 
0.033 
0.035 
0.036 
0.037 
0.039 
0.040 
0.042 
0.043 
0.044 
0.046 
-- ------------;":'--. ,, 
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Line D £<,ntinued 
Total Magnetics (gammas) 
56661 
56638 
56618 
56607 
56601 
56594 
56587 
56578 
56572 
56580 
56596 
'' 
Regional field removed from total magnetics: 56724 gammas 
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